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NUMERICAL RESPONSE TO PREY ABUNDANCE BY 
ZYGIELLA X-NOTATA (ARANEAE, ARANEIDAE) 


David A* Spiller: Department of Zoology and Center for Population Biology, 
University of California, Davis, California 95616 USA 

ABSTRACT. To test the effect of prey abundance on the orb spider Zygiella x-notata I conducted two field 
experiments at the same site. In the first experiment, from 20 June to 9 September 1978, I augmented prey 
abundance in two plots interspersed within four control plots; at the end of the experiment the mean number 
of spiders was 2.7 times higher in prey-augmented plots than in control plots, and the difference was highly 
significant (P — 0.005). In the second experiment, from 25 June to 16 September 1979, I augmented prey 
abundance in one plot located in between two control plots; at the end of the experiment the number of spiders 
was >3.0 times higher in the prey-augmented plot than in each control plot. Although numbers of spiders in 
the 1979 experiment could not be analyzed statistically because the treatment was not replicated, they support 
the results of the 1978 experiment. I monitored the phenology of the population at the experimental site and 
an unmanipulated population at a different site throughout 1978 and 1979. In both years reproduction began 
earlier in the experimental population than in the unmanipulated population. In 1979 I collected eggs sacs in 
both populations. The experimental population contained more eggs and heavier eggs than those than in the 
unmanipulated population. Within the experimental population, egg sacs in the prey-augmented plot contained 
heavier eggs than those in control plots. 


Numerous comparative and experimental 
studies indicate that spiders often experience food 
shortages in nature (review in Wise 1992). How¬ 
ever, the evidence that spider population sizes 
respond numerically to temporal fluctuations in 
prey abundance is equivocal. Some observation¬ 
al studies found positive correlations between 
abundances of spiders and their potential prey 
(e.g., Wingerden 1978) but others found no cor¬ 
relation (e.g., Greenstone 1978). Furthermore, a 
positive correlation could be due to both spiders 
and their prey responding to some other envi¬ 
ronmental factor. An experimental study in rice 
fields showed that spider densities increased in 
areas where Drosophila flies were released rela¬ 
tive to control areas (Kobayashi 1975); unfor¬ 
tunately, problems in experimental design and 
presentation of statistical tests make it difficult 
to assess the observed response (Wise 1992). Sev¬ 
eral studies showed that spiders moved from ar¬ 
eas with low prey abundance to areas with high 
prey abundance (Riechert & Gillespie 1986); this 
“aggregative response 55 (Hassell & May 1974) 
changes the predator's distribution, but not nec¬ 
essarily the predator’s population size. Extensive 
studies of Agelenopsis aperta (Gertsch) demon¬ 
strated that reproductive success was related to 
prey availability (Riechert & Tracy 1975); how¬ 
ever, population size was limited by suitable web 


sites (via territoriality), and was not influenced 
by prey abundance (Riechert 1981). 

Several possible factors could restrict a nu¬ 
merical response by spiders. Riechert & Lockley 
(1984) suggested that the extent to which spiders 
respond numerically is limited by long genera¬ 
tion times of spiders relative to their prey and 
by strong self limitation within spider popula¬ 
tions. Field experiments indicate that predators 
may often reduce spider populations (Askenmo 
1977; Gunnarsson 1983; Wise 1982; Pacala & 
Roughgarden 1984; Polls & McCormick 1986; 
Spiller & Schooner 1988). Frequently, both spi¬ 
ders and their predators eat some of the same 
types of prey (Polls et al. 1989; Spiller & Schoe- 
ner 1990). Therefore, a numerical response by 
spiders could be impeded by spider predators 
responding numerically to the same prey. Wise 
(1992) concluded that although many field ex¬ 
periments have shown that food shortages limit 
spider growth rate and fecundity, more experi¬ 
ments are needed to determine whether these 
parameters are translated into increased popu¬ 
lation size in the next generation, 

Zygiella x-notata (Clerck) is a common orb 
spider in coastal areas of California (Gertsch 1964; 
Levi 1974). In this study, to test for a numerical 
response by Z. x-notata I conducted two prey- 
augmentation experiments at the same site. In 
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Table 1.—Mean (1 SE) web radii and estimated mean 
web areas for different size classes of Z. x-notata. Mean 
web areas were estimated by assuming that webs were 
circular (which they were approximately). 


Class 

Body 

length 

(mm) 

n 

Web 

radius 

(cm) 

Esti¬ 

mated 

mean 

web 

area 

(cm 2 ) 

Hatchlings 

<2.0 

40 

3.3 (0.1) 

34 

Juveniles 

2.0-3.9 

36 

6.3 (0.2) 

125 

Subadults 

4.0-5.9 

42 

8.4 (0.3) 

222 

Adult females 

>6.0 

103 

11.4 (0.3) 

415 


addition, I compared some life-history charac¬ 
teristics of the population at the experimental 
site to those of an unmanipulated population at 
a different site. 

METHODS 

Censusing procedures Zygiella x-notata 
adult females are about 6.0-8.0 mm in body 
length (measured from the chelicerae to the pos¬ 
terior end of the abdomen). Adult males are about 
4.5-6.5 mm. In this study I divided the spiders 
into 4 age/size classes: hatchlings (< 2.0 mm), 
juveniles (2.0-3.9 mm), subadults (4.0-5.9 mm) 
and adults (> 6.0 mm and smaller adult males). 
During field censuses I counted the numbers of 
spiders in each class. To test my accuracy in size 
determination, I assigned 90 individuals to these 
size classes in the field, and then collected and 
measured them with an ocular micrometer; 83% 
were assigned to the correct size class. 

I censused two Z. x-notata populations re¬ 
peatedly for over two years. The first population 
inhabited a group of 11 abandoned cabins lo¬ 
cated about 100 m inland from the beach at Coal 
Oil Point, which is approximately 2 km west of 
the University of California, Santa Barbara Cam¬ 
pus. Most spiders nested underneath ledges that 
were 1.5 m above the ground and surrounded 
each cabin. I censused all individuals within 0.5 
m of the ledges (total area censused was 162 m 2 ) 
about once a month from November 1977 to 
June 1980. The second population inhabited an 
assemblage of large boulders, constructed for 
erosion control, at the base of a cliff on the Uni¬ 
versity of California, Santa Barbara Campus 
Beach. The assemblage was about 100 m long 
and 6 m wide, and was about 0.5-1.0 m above 


mean higher high water. The spiders built their 
orbs in caves formed by the boulders and caught 
mostly flies that bred in drift kelp on the beach. 
I censused all individuals within a 48 m x 6 m 
section of boulders about once a month from 
October 1977 to February 1980. The first pop¬ 
ulation was unmanipulated whereas the second 
was prey augmented (see below). 

Beginning in July 1978,1 recorded the number 
of egg sacs and the numbers of arthropods in the 
spiders’ webs and being consumed by the spiders 
in each site. For each census I computed an index 
of prey availability by dividing the total number 
of arthropods counted by the estimated total area 
of webs censused. I computed the total area of 
webs censused from the numbers of spiders with 
webs in each size class and the estimated mean 
web area of each size class. Mean web area was 
estimated by measuring the radii of a large sam¬ 
ple of webs in the field (Table 1). 

Prey-augmentation experiments.— On 19 June 
1978,1 divided the 48 m x 6 m section of boul¬ 
ders into six contiguous 8 m x 6 m plots, and 
then censused each plot. From 20 June to 9 Sep¬ 
tember 1978 I augmented prey abundance in the 
second and fifth plots; thus, there were two treat¬ 
ment plots and four control plots (Fig. 1). I chose 
this arrangement, rather than assigning treat¬ 
ments randomly, to ensure that treatment plots 
were interspersed within control plots, as sug¬ 
gested by Hurlbert (1984). To augment prey 
abundance, I put large quantities of drift kelp at 
the bottom of caves within the treatment plots 
during the first few days of the experiment, and 
added smaller amounts of kelp and sea water 
about twice a week. I censused each plot at about 
1-2 wk intervals from 25 June to 10 September 
1978, and at about 2-3 wk intervals from 24 
September to 10 December 1978. 

On 24 June 1979,1 divided the same 48 m x 
6 m section of boulders into three contiguous 16 
m x 6 m plots, and then censused each plot. 
From 25 June to 16 September 1979 I put kelp 
in the center plot; thus, there was one treatment 
in between two controls (Fig. 1). I chose this 
arrangement so that prey was augmented in a 
different location in this year than in the previous 
year. I censused each plot about once a month 
from July to December 1979. 

Egg sac collections.—From 2 September to 15 
October 1979 I collected all egg sacs at the un¬ 
manipulated site and all that I could find in each 
plot at the experimental site (I might have missed 
some sacs located inside crevices at the experi- 





SPILLER-NUMERICAL RESPONSE BY ZYGIELLA X-NOTATA 


181 


mental site). During this time period I visited 
each site at least twice a week and collected each 
new sac produced. All the eggs from each sac 
were counted, dried at 60 °C for 24 hr, and 
weighed together. I did not analyze sacs contain¬ 
ing hatchlings. 

Analyses.—To assess whether adding kelp to 
the treatment plots increased prey availability 
during the experiment in 1978, I computed the 
mean index of prey availability (number of prey/ 
m 2 web) recorded in each plot from 25 June (first 
census after I began adding kelp) to 10 September 
(one day after my last addition), and then com¬ 
pared the mean indices in treatment and control 
plots with a one-tailed t test. To test the overall 
treatment effect on Z. x-notata in 1978, I per¬ 
formed a one-tailed 1 test on total number of 
individuals in each plot on 10 September; in 
addition, I analyzed the change in total number 
of individuals in each plot from 19 June (the day 
before the experiment) to 10 September. Prey- 
availability indices, numbers of egg sacs and 
numbers of each age/size class recorded during 
each census are given for descriptive purposes, 
but they are not statistically analyzed. I present 
the data recorded during the 1979 experiment 
for descriptive purposes, but the treatment effect 
cannot be tested statistically because kelp was 
added to only one plot. 

From the data on egg sacs collected in 1979, 
1 analyzed two variables: number of eggs per sac 
and mean biomass per egg per sac. I treated each 
of the three plots in the experimental site and 
the unmanipulated site as four separate groups. 
For each variable I performed a one-way ANG- 
VA with three contrasts. Two contrasts tested 
the variation among plots within the experimen¬ 
tal site (treatment vs. control 1 + control 2; con¬ 
trol 1 vs. control 2) and one contrast tested the 
variation between sites (experimental site [all 
plots] vs. unmanipulated site). The purpose of 
these tests is to describe the extent to which the 
variables in the areas differed, but they cannot 
be interpreted directly as tests of the hypothesis 
that the spiders are food limited. 

RESULTS 

Life-history observations.—The population at 
the unmanipulated site exhibited an annual life 
cycle (Fig. 2). In 1978, a cohort emerged in early 
spring, matured during late spring and early sum¬ 
mer, reproduced during late summer and fall, 
and declined during fall and winter. The offspring 
produced in 1978 overwintered in egg sacs and 
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Figure 1.—Spatial design of the prey-augmentation 
experiments. In 1978 prey abundance was augmented 
in plots T1 and T2. In 1979 prey abundance was aug¬ 
mented in plot T (see Methods for details). 

emerged during late winter and early spring 1979. 
This cohort matured during late spring and early 
summer, reproduced during late summer and fall, 
and declined during fail and winter. Note that I 
collected 19 egg sacs from 2 September to 15 
October 1979; 27 egg sacs were produced from 
16 October 1979 to 15 January 1980. The off¬ 
spring produced by the 1979 cohort emerged 
during late winter and early spring 1980 and de¬ 
veloped later in the spring. Prey-availability in¬ 
dices were relatively high during winter and 
spring, and were relatively low during summer 
and fall. 

The phenology of the experimental population 
was more complex (Fig. 3). Hatchlings emerged 
in fall 1977 but they either died or emigrated 
during severe winter storms. (During a storm in 
January 1978 I observed waves breaking on the 
boulders; the next day no spider was present in 
the site.) The site was apparently recolonized in 
late winter and spring 1978 by juveniles and su¬ 
badults. This cohort matured in late spring and 
early summer 1978, and some adult females re¬ 
produced in early summer. A second cohort 
emerged later in the summer and developed in 
fall 1978. Two cohorts emerged in 1979. The 
first emerged during late winter and early spring 
and matured later in the spring. Some adult fe¬ 
males reproduced in early summer 1979. The 
second cohort emerged later in the summer and 
developed in fall 1979. Note that this cohort was 
relatively small because I collected all visible egg 
sacs within the censused area from 2 September 
to 15 October 1979; hatchlings that were counted 
during this time period emerged either from hid¬ 
den sacs within the censused area or from sacs 
outside the censused area. 

Prey-availability indices tended to be higher 
at the experimental site than at the unmanipu- 











182 


THE JOURNAL OF ARACHNOLOGY 



Figure 2. —Prey-availability indices (no. prey/m 2 web) and numbers of Z. x-notata in the unmanipulated site. 
Prey availability index and number of egg sacs were not recorded in the initial 10 censuses. Egg sacs were 
collected from 2 September to 15 October 1979. 


lated site, particularly during the summer when 
kelp was added to the treatment plots. For all 
censuses, mean ± 1 SD of the prey-availability 
indices at the experimental site and the unman¬ 
ipulated site were respectively, 45.8 ± 42.9 and 
16.6 ± 23.1. For censuses in summer (1978 and 
1979), mean ± 1 SD of indices at the experi¬ 
mental site and the unmanipulated site were re¬ 
spectively, 60.4 ± 40.7 and 3.79 ± 1.82. 

Prey-augmentation experiment in 1978.—On 
19 June (one day before kelp was added to treat¬ 
ment plots), prey-availability indices and num¬ 
bers of spiders in treatment and control plots did 
not differ significantly (Table 2). During the ex¬ 
periment mean prey-availability indices were 
significantly higher in treatments than in con¬ 
trols. On 10 September mean number of spiders 
was 2.7 times higher in prey-augmented plots 
than in control plots, and the difference was high¬ 
ly significant. Numbers of spiders increased in 


all plots from 19 June to 10 September; the in¬ 
crease was significantly greater in treatments than 
in controls. 

Details in Fig, 4 show that in July mean num¬ 
bers of adults became higher in treatments than 
in controls, whereas mean numbers of smaller 
individuals were nearly identical in treatments 
and controls. In August mean numbers of egg 
sacs became higher in treatments than in con¬ 
trols. In September hatchlings emerged from the 
egg sacs and mean numbers of immature spiders 
became higher in treatments than in controls. 
Shortly after I stopped adding kelp to the treat¬ 
ments, prey-availability indices were about equal 
in treatments and controls, but numbers of spi¬ 
ders remained higher in treatments for a few 
months. 

Prey-augmentation experiment in 1979.—On 
24 June (one day before kelp was added to the 
treatment plot) prey-availability indices and 
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Figure 3.—Prey-availability indices (no. prey/m 2 web) and numbers of Z. x-notata in the experimental site. 
Prey-availability index and number of egg sacs were not recorded in the initial eight censuses. Egg sacs were 
collected from 2 September to 15 October 1979. Arrows depict time periods when kelp was added to treatment 
plots. 


Table 2.—Prey-availability indices (no. prey/m 2 web) on 19 June (one day before kelp was added to treatment 
plots), mean of the indices from 25 June (first census during kelp additions) to 10 September (one day after the 
last kelp additions) and total numbers of spiders and change in numbers (number on 10 September minus 
number on 19 June) in each plot during the 1978 prey-augmentation experiment. [' one-tailed test; each test 
was performed on the numbers given in each column.] 


No. prey/m 2 web 


Total number of spiders 


Plot 

19 June 

10 Sept. 

19 June 

10 Sept. 

Change 

Treatment 1 

10.2 

84.2 

55 

491 

436 

Treatment 2 

11.3 

108.6 

63 

680 

617 

Control 1 

9.3 

8.3 

133 

327 

194 

Control 2 

6.0 

16.4 

80 

182 

102 

Control 3 

16.3 

19.3 

45 

173 

128 

Control 4 

64.1 

57.2 

37 

183 

143 

§ 

H 

0.65 

3.96 

0.44 

4.61 

6.14 

P 

0.553 

0.008 1 

0.677 

0.GQ5 1 

0.002' 
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Figure 4.—Mean ± 1 SE prey-availability indices (no. prey/m 2 web) and numbers of Z. x-notata in treatment 
and control plots during the 1978 prey-augmentation experiment. The arrow depicts the time period when kelp 
was added to treatment plots. 


numbers of spiders were similar in the treatment 
and control plots (Fig. 5). On 29 July prey-avail- 
ability index and number of egg sacs were higher 
in the treatment than in controls but numbers of 


spiders remained about the same. On 25 August 
prey-availability index and numbers of egg sacs, 
hatchlings, subadults and adults were higher in 
the treatment than in controls. On 16 September 
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Figure 5.—Prey-availability indices (no. prey/m 2 web) and numbers of Z. x-notata in the treatment and control 
plots during the 1979 prey-augmentation experiment. The arrow depicts the time period when kelp was added 
to treatment plots. Egg sacs were collected from 2 September to 15 October. 


prey-availability index and numbers of all spider 
classes were higher in the treatment than in con¬ 
trols; total number of spiders was >3.0 times 
higher in the treatment than in each control plot. 
(Note that this year egg sacs were collected from 


2 September to 15 October.) Prey-availability 
indices and numbers of spiders remained higher 
in the treatment than in controls for a few months 
after I stopped adding kelp to the treatments. 
Egg sacs collected In 1979,—Within the ex- 
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Table 3.—Mean (1 SE) number of eggs and mean biomass per egg in Z. x-notata sacs collected from 2 
September to 15 October 1979. Prey was augmented in the treatment plot at the experimental site. [' one-tailed 
test.] 


Site Plot 

n 

No. of 
eggs/sac 


Mean biomass 
(mg)/egg/sac 

Experimental 





Treatment 

27 

74.1 (3.6) 


0.163 (0.004) 

Control 1 

13 

66.7 (6.0) 


0.146 (0.006) 

Control 2 

6 

63.7 (8.8) 


0.145 (0.003) 

Unrnanipulated 

19 

51.5(2.9) 


0.130 (0.005) 

ANOVA: 

df 

SS 

F 

P 

Number of eggs 





Treatment vs. Controls 1 + 2 

1 

814.6 

2.45 

0.0612 1 

Control 1 vs. Control 2 

1 

37.6 

0.11 

0.7377 

Experimental vs. Unrnanipulated 

1 

3299.9 

9.93 

0.0013' 

Error 

61 

20 261.5 



Mean biomass/egg 





Treatment vs. Controls 1 + 2 

1 

0.00303 

7.30 

0.0044' 

Control 1 vs. Control 2 

1 

0.00000 

0.00 

0.9544 

Experimental vs. Unrnanipulated 

1 

0.00561 

13.53 

0.0003' 

Error 

61 

0.02529 




perimental site mean biomass per egg was sig¬ 
nificantly greater in the treatment than in control 
plots (Table 3). Numbers of eggs per sac tended 
to be higher in the treatment than in control 
plots, but the difference was not significant at the 
0.05 level. Numbers of eggs and mean biomasses 
per egg in the two control plots were very similar. 
Number of eggs and mean biomass per egg were 
significantly greater in the experimental site than 
in the unrnanipulated site. 

DISCUSSION 

Phenologies of unmanipulated and experi¬ 
mental populations differed considerably. The 
unmanipulated population reproduced during late 
summer and fall, and the next generation emerged 
during late winter and early spring in the follow¬ 
ing year. The experimental population began to 
reproduce in early summer, and some of the next 
generation emerged later in the same season. In 
addition, egg sacs produced in the experimental 
population contained more eggs and heavier eggs 
than those produced in the unrnanipulated pop¬ 
ulation. 

Field experiments on other web spiders showed 
that growth rates or fecundities were influenced 
by food supply (Wise 1975, 1979; Spiller 1984; 
Spiller & Schooner 1990). My indices of prey 
availability during summer 1978 and summer 


1979 were much higher at the experimental site 
than at the unrnanipulated site. This suggests that 
the differences between populations in life-his¬ 
tory characteristics were influenced by higher prey 
abundance at the experimental site. However, 
this interpretation should be taken with caution 
for two reasons. First, differences between sites 
in physical factors (e.g., temperature) might have 
influenced life-history characteristics. Second, my 
indices of prey availability did not take into ac¬ 
count the size of individual prey; therefore, were 
prey sizes larger at the unrnanipulated site than 
at the experimental site, comparisons between 
sites could be misleading. 

Within the experimental population, egg sacs 
in the treatment plot contained heavier eggs than 
those in controls. Although this difference was 
statistically significant, the analysis does not 
demonstrate that it was caused by prey abun¬ 
dance because in 1979 the treatment was not 
replicated (Hurlbert 1984). Hence, comparisons 
among plots within the experimental population 
are subject to the same caveats as the comparison 
between populations. However, the fact that the 
treatment plot was in between the two control 
plots, and egg biomasses in control 1 and control 
2 were nearly identical, provides compelling ev¬ 
idence that prey abundance influenced egg bio¬ 
masses. Number of eggs per sac tended to be 
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higher in the treatment plot than in the controls 
but the difference was not significant at the 0.05 
level. Possibly, the number of eggs that a repro¬ 
ductive female produces in a sac is determined 
before the biomass of each egg. Therefore, if an 
adult female moved from a control plot to the 
treatment plot after number of eggs was deter¬ 
mined, the increased food supply might have 
increased egg biomass but not number of eggs. 

The prey-augmentation experiment in 1978 
demonstrated that Z. x-notata responded nu¬ 
merically to prey abundance. During July and 
August numbers of adults became higher in treat¬ 
ments than in controls. Three different mecha¬ 
nisms eould have produced this result: 1. adults 
moved from control plots to treatment plots, 2. 
adult survivorship was higher in treatments than 
in controls, or 3. developmental rate of imma¬ 
tures was higher in treatments than in controls. 
Because marked individuals were not followed 
during the experiment I cannot assess the im¬ 
portance of these possible mechanisms. Follow¬ 
ing the increase in adults, numbers of egg sacs 
became higher in treatments than in controls; 
subsequently, the numerical response became 
more pronounced when the second generation 
emerged in September. During the 1979 exper¬ 
iment numbers of spiders became substantially 
higher in the treatment plot than in control plots. 
I could not statistically analyze the results of this 
experiment because the treatment was not rep¬ 
licated in 1979. However, the data support the 
overall results of the 1978 experiment. 

Rypstra’s (1983) enclosure experiments showed 
that food abundance influenced densities of sev¬ 
eral web-spider species; interestingly, some sol¬ 
itary species exhibited some degree of coloniality 
when prey abundance was high (Rypstra 1986). 
Although Z. x-notata is typically solitary, other 
studies found that individuals were attracted to 
conspecific silk, and that some individuals re¬ 
duced their web sizes in response to crowding 
(Leborgne Sc Pasquet 1987a, 1987b). In this study, 
Z. x-notata webs were occasionally attached to 
one another in treatment plots when prey avail¬ 
ability was high. Such behavior might have fa¬ 
cilitated the numerical response by Z. x-notata. 

An important factor that accounted for the 
numerical response by Z. x-notata was the emer¬ 
gence of a second generation in the same year. 
Many spider species have obligatory annual life 
cycles, and would probably not exhibit such a 
marked numerical response within a season 
(Riechert & Lockley 1984). Thus, the extent to 


which spiders respond numerically may depend 
on the behavior and phenology of the species. 
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